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A B S T R A C T   

Objective: The study aimed to investigate predictive factors associated with outcome six months after mild to 
moderate aneurysmal subarachnoid hemorrhage (SAH). 
Methods: We divided 136 patients (51 men and 85 women) after SAH (Hunt & Kosnik [H&K] grade I to III) into 
groups with good and poor outcome according to scores on the modified Rankin Scale (mRS) at six months after 
SAH onset: good outcome (mRS score, 0–1; n = 105) and poor outcome (mRS score, 2–6; n = 31). At admission, 
we assessed age, sex, H&K grade, and Fisher grade, and one month after aneurysmal SAH, we evaluated 
aneurysm location, treatment modality (coil embolization, clipping, or no surgical treatment), proportion of 
patients who underwent shunt placement, proportion of patients with delayed cerebral ischemia, and scores on 
neuropsychological tests (Mini-Mental State Examination, Raven’s Colored Progressive Matrices, Kana-hiroi Test, 
Trail Making Test, and Rey-Osterrieth Complex Figure Test, immediate recall). 
Results: H&K grade was associated with outcome (χ2 = 6.220, P = 0.005), and a significantly higher proportion of 
the good outcome group had an H&K grade II (P = 0.025). The good outcome group had significantly better 
scores on the Mini-Mental State Examination (U = 1251, P = 0.045), Raven’s Colored Progressive Matrices (U =
1224, P = 0.036), and Trail Making Test parts A (U = 1238, P = 0.043) and B (U = 1247, P = 0.048). However, 
we found no significant intergroup differences in the other patient demographic and disease characteristics, 
including age, treatment modality, and delayed cerebral ischemia, or in the other neuropsychological assess-
ments. Binary logistic regression analysis identified H&K grade I and II as predictive factors associated with good 
outcome. 
Conclusion: Besides severity at admission as indicated by H&K grade, neuropsychological tests explicitly per-
formed one month after mild to moderate aneurysmal SAH may help nursing staff to predict patient outcome, 
including possible symptoms after discharge.   

1. Introduction 

Epidemiological surveys on subarachnoid hemorrhage (SAH) re-
ported that 50 % of patients die or become bedridden because of severe 
sequalae and that about 25 % to 30 % of patients die unless treatment to 
prevent rebleeding is administered [1–3]. Another study found that 30 
% of survivors need some kind of care [4]. These numbers have not 
changed much even since the introduction of brain health checkups such 

as the Brain Dock. 
A study that followed 1076 patients for two years after ruptured 

aneurysmal SAH reported the following outcomes: no cognitive 
dysfunction, 27.5 %; mild cognitive dysfunction, 15.8 %; severe cogni-
tive dysfunction, 9.9 %; vegetative state, 1.3 %; and death, 45.5 % [5]. 
However, other studies found a higher recovery rate (rate of good re-
covery, 64 % to 68 %) and lower death rate (12 % to 14 %) if patients 
were diagnosed with SAH earlier, i.e., after showing mild symptoms 
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such as mild nausea and a stiff shoulder [6,7]. 
Some studies reported on factors that affect outcome after SAH, such 

as age at onset, aneurysm location, severity or amount of bleeding at 
admission, and presence or absence of acute hydrocephalus [6,8–10], 
but the results varied, and currently there is no consensus on predictive 
factors for outcome. 

Patients with milder symptoms after aneurysmal SAH have a good 
prognosis and show faster and better recovery; nevertheless, once pa-
tients return to their daily lives, they often have problems such as fa-
tigue, difficulty concentrating, and irritability [11]. Therefore, being 
able to predict cognitive outcome, including possible symptoms after 
discharge, in patients with milder symptoms would be helpful for 
medical staff and may help to support patients’ social reintegration. 

In a previous study, we focused on aneurysm location and used 
neuropsychological assessments to evaluate cognitive outcome in pa-
tients one month after mild to moderate aneurysmal SAH [12]. The 
study found that although crystalized intelligence improved to almost 
normal levels in all patients, fluid intelligence (e.g., executive function 
and attention) did not improve in those with a ruptured aneurysm in the 
basilar artery (BA). However, the study did not consider patient outcome 
after discharge. 

To our knowledge, no studies have explicitly used neuropsycholog-
ical assessments to evaluate cognitive outcome in patients after aneu-
rysmal SAH who were expected to have a good outcome. Therefore, in 
the present study, we aimed to systematically investigate potential 
predictive factors associated with outcome six months after mild to 
moderate aneurysmal SAH by using the same patient database as in our 
previous study [12]. 

2. Materials and Methods 

2.1. Study design 

This was a retrospective study of patient data obtained from medical 
charts. At admission, patients gave their consent for their clinical data to 
be used for research. The study was approved by the Ethics Review 
Board of Chiba Emergency Medical Center. 

2.2. Patients 

We included 136 patients (51 men and 85 women) from a total of 
622 patients who were hospitalized at Chiba Emergency Medical Center, 
Chiba, Japan, between September 1, 2008, to March 31, 2016, after 
being diagnosed with SAH by brain computed tomography (CT) or 
magnetic resonance imaging (MRI). Inclusion criteria were as follows: 1) 
SAH due to a ruptured aneurysm; 2) location of the ruptured aneurysm 
was known; 3) Hunt and Kosnik grade (H&K grade) [13] on admission 
was I, II, or III; 4) postoperative neuropsychological tests were per-
formed one month after SAH; and 5) signs of symptomatic cerebral 
vasospasm (i.e., appearance or exacerbation of neurological symptoms 
and corresponding brain CT findings) had not occurred within one 
month after the event. 

We divided patients into two groups according to outcome as 
assessed by scores on the modified Rankin Scale (mRS) at six months 
after SAH onset: good outcome (n = 105) and poor outcome (n = 31). 
The mRS was developed for assessment of disability in patients after 
stroke [14,15] and comprises seven scores (0–6). It is widely used in 
Japan as an indicator of activities of daily living in patients after stroke, 
including stroke due to SAH. In this study, we defined good outcome as 
an mRS score of 0 to 1 and poor outcome as a score of 2 to 6 (see 
Table 1). 

2.3. Data included in the analysis 

We analyzed the following patient data: 1) age at onset and sex, 2) 
H&K grade (I, II, or III) as an indicator of the severity of SAH at 
admission, 3) Fisher grade as an indicator of the extent of subarachnoid 
hemorrhage at admission, 4) location of ruptured aneurysm, 5) treat-
ment modality (coil embolization, clipping, or no surgical treatment), 6) 
proportion of patients who underwent a shunt operation within one 
month after SAH, 7) proportion of patients with delayed cerebral 
ischemia, as assessed by CT or MRI at discharge, and 8) neuropsycho-
logical assessments at one month after SAH as an indicator of the 
cognitive functional state. 

2.4. Location of ruptured aneurysms 

We classified the location of aneurysms as the anterior cerebral ar-
tery (ACA), anterior communicating artery (Acom), internal carotid 
artery (IC), middle cerebral artery (MCA), posterior cerebral artery 
(PCA), BA, and vertebral artery (VA). 

2.5. Neuropsychological tests 

In view of the results of our previous study [12], we evaluated 
crystalized intelligence with the Mini-Mental State Examination 
(MMSE) [16] and Raven’s Colored Progressive Matrices (RCPM) [17,18] 
and fluid intelligence (attention, executive function, and short-term 
memory) with the Kana-hiroi Test (KHT) [19,20], Trail Making Test 
Parts A and B [21–23], and the immediate recall part of the Rey- 
Osterrieth Complex Figure Test (ROCFT) [24,25]. The KHT is one of 
the most popular neuropsychological tests in Japan and was developed 
to assess attention and executive function. 

All neuropsychological assessments were performed during the 
hospital stay. In patients who underwent internal decompressive 
craniotomy, the tests were administered after cranioplasty. 

2.6. Statistical analysis 

We performed statistical tests to compare the good and poor outcome 
groups. To examine the statistical significance of the intergroup com-
parisons, we used a t test for age; Chi-square tests for the sex ratio, H&K 
grade, Fisher grade, aneurysm location, treatment modality, shunt 
operation, and delayed cerebral ischemia; and Mann Whitney U tests for 

Table 1 
Outcome criteria and number of patients with each score on the modified Rankin Scale.      

Number of 
patients 

mRS 
score 

0 Good outcome (n =
105) 

No symptoms at all 0 
1 No significant disability; able to carry out all usual activities, despite some symptoms 105 
2 Poor outcome (n = 31) Slight disability; able to look after own affairs without assistance, but unable to carry out all previous activities 16 
3 Moderate disability; requires some help, but able to walk unassisted 13 
4 Moderately severe disability; unable to attend to own bodily needs without assistance, and unable to walk 

unassisted 
2 

5 Severe disability; requires constant nursing care and attention, bedridden, incontinent 0 
6 Dead 0 

mRS, modified Rankin Scale. 
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neuropsychological assessments. Regarding effect size, we calculated 
Cohen’s d for the t test, Cramer’s V for the Chi-square tests, and r for the 
Mann Whitney U tests. 

In addition, to investigate potential predictive factors associated 
with functional outcome, we performed binary logistic regression 
analysis. 

P values of<0.05 were taken to indicate statistical significance. An-
alyses were performed with BellCurve for Excel (version 4.00 for 
Windows). 

3. Results 

3.1. Intergroup comparisons 

3.1.1. Patient demographic and disease characteristics 
Patient demographic and disease characteristics are described below 

and presented in Table 2. 

3.1.1.1. Age at onset and sex ratio. The mean (SD) age at onset was 53.4 
(11.5) years in the good outcome group and 56.0 (9.65) years in the poor 
outcome group (P = 0.211). The good outcome group comprised 39 men 
(37.1 %) and 66 women (62.9 %), and the poor outcome group, 12 men 
(38.7 %) and 19 women (61.3 %). We found no difference in the sex 
ratio between the groups (χ2 = 0.025, P = 0.874). 

3.1.1.2. H&K grade and Fisher grade. H&K grade was associated with 
outcome (χ2 = 6.220, P = 0.005). Residual analysis revealed that the 
proportion of patients with grade II was significantly higher in the good 
outcome group than in the poor outcome group (P = 0.025) and the 
proportion of patients with grade III was significantly lower in the good 
outcome group than in the poor outcome group (P = 0.007). The effect 
size was small to moderate (Cramer’s V, 0.214). We found no effect of 
Fisher grade on outcome (χ2 = 2.905, P = 0.407). 

3.1.1.3. Location of ruptured aneurysm. In the good recovery group, IC 
was the most common location (27/105, 25.7 %), followed by MCA (23/ 
105, 21.9 %), Acom (20/105, 19.0 %), VA (16/105, 15.2 %), BA (13/ 
105, 12.4 %), and ACA (6/105, 5.7 %). In the poor recovery group, 
Acom (11/31, 35.5 %) was the most common location, followed by VA 
(6/31, 19.4 %), IC (5/31, 16.1 %), and ACA, MCA, and BA (3/31, 9.7 %, 
in each group). No statistical association was found between aneurysm 
location and patient outcome (χ2 = 6.610, P = 0.251). 

3.1.1.4. Treatment modality. In the good outcome group, 51.4 % (54/ 
105) of patients were treated by clipping, and 47.6 % (50/105), by coil 
embolization; one patient (1.0 %) underwent no surgical treatment. In 
the poor outcome group, 41.9 % (13/31) of patients were treated by 
clipping, and 51.6 % (16/31), by coil embolization; two patients (6.5 %) 
underwent no surgical treatment. We found no statistical association 
between treatment modality and patient outcome (χ2 = 3.798, P =
0.150). 

3.1.1.5. Shunt operation. In each group, one patient underwent a shunt 
operation within one month after SAH. The proportions were 1.0 % (1/ 
105) in the good outcome group and 3.2 % (1/31) in the poor outcome 
group. The difference between the proportions in the two groups was not 
significant (χ2 = 0.854, P = 0.356). 

3.1.1.6. Delayed cerebral ischemia. The proportion of patients with 
delayed cerebral ischemia was 35/105 (33.3 %) in the good outcome 
group and 14/31 (45.2 %) in the poor outcome group. We found no 
significant difference in these proportions between the groups (χ2 =

1.453, P = 0.228). 

3.1.2. Neuropsychological tests 
The results of neuropsychological tests are described below and 

presented in Table 3. 

Table 2 
Results of intergroup comparisons of demographic and disease characteristics in patients with mild to moderate aneurysmal subarachnoid hemorrhage.    

Good outcome Poor outcome Statistics P value Effect size   

(mRS score 0–1) (mRS score 2–5) 

Number of patients  105 31    
Age Mean (SD), y 53.4 (11.5) 56.0 (9.65) t test 0.211   

Median (range), y 54 (21–82) 55 (37–78)    
Sex Male (%) 39 (37.1) 12 (38.7) χ2 = 0.025 0.874   

Female (%) 66 (62.9) 19 (61.3)  
H&K grade I, n 16 4 χ2 = 6.220 0.045* V = 0.214  

II, n 68 14  
III, n 21 13  
IV, n 0 0  
V, n 0 0  
Median (range) 2 (1–3) 2 (1–3)    

Fisher grade 1, n 3 1 χ2 = 2.905 0.407   
2, n 28 9   
3, n 69 17   
4, n 5 4   
Median (range) 3 (1–4) 3 (1–4)    

Location of aneurysm ACA, n (%) 6 (5.7) 3 (9.7) χ2 = 6.610 0.251   
Acom, n (%) 20 (19.0) 11 (35.5)   
IC, n (%) 27 (25.7) 5 (16.1)   
MCA, n (%) 23 (21.9) 3 (9.7)   
BA, n (%) 13 (12.4) 3 (9.7)   
VA, n (%) 16 (15.2) 6 (19.4)  

Treatment Clipping, n (%) 54 (51.4) 13 (41.9) χ2 = 3.798 0.150   
Coil embolization, n (%) 50 (47.6) 16 (51.6)   
No surgical treatment, n (%) 1 (1.0) 2 (6.5)  

Shunt operation for hydrocephalus, n (%) 1 (1.0) 1 (3.2) χ2 = 0.854 0.356  
Delayed cerebral ischemia, n (%) 35 (33.3) 14 (45.2) χ2 = 1.453 0.228  

ACA, anterior cerebral artery; Acom, anterior communicating artery; BA, basilar artery; H&K grade, Hunt and Kosnik grade; IC, internal carotid artery; MCA, middle 
cerebral artery; mRS, modified Rankin Scale; VA, vertebral artery. 
*P < 0.05. 
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3.1.2.1. Mmse. The maximum possible score on the MMSE is 30 points; 
in the good outcome group, the median score was 29 points (range, 
18–30), and in the poor outcome group, 27 points (range, 11–30). The 
score was significantly higher in the good outcome group than in the 
poor outcome group (U = 1251, P = 0.045). The effect size was small to 
moderate (r = 0.172). 

3.1.2.2. Rcpm. The maximum possible score on the RCPM is 36 points; 
in the good outcome group, the median score was 32 points (range, 
12–36), and in the poor outcome group, 30 points (range, 15–35). The 
score was significantly higher in the good outcome group than in the 
poor outcome group (U = 1224, P = 0.036). The effect size was small to 
moderate (r = 0.180). 

3.1.2.3. Kht. The maximum possible score on the KHT is 61 points; in 
the good outcome group, the median score was 22 points (range, 1–53), 
and in the poor outcome group, 20 (range, 3–48). No statistically sig-
nificant difference was found between the two groups (U = 1468, P =
0.408). 

3.1.2.4. Tmt. The TMT (Part A and B) measures performance as the 
time (in seconds) needed to complete the task. In the good outcome 
group, the median score was 110 s (range, 60–689 s) for Part A and 162 s 
(range, 63–1393 s) for Part B, and in the poor outcome group, 127 s 
(range, 72–356 s) for Part A and 202 s (range, 94–714 s) for Part B. The 
scores in the good outcome group were significantly better than those in 
the poor outcome group (U = 1238, P = 0.043 for Part A; U = 1247, P =
0.048 for Part B). Effect sizes were small to medium (r = 0.173 for Part 
A, 0.169 for Part B). 

3.1.2.5. ROCFT (immediate recall). The maximum possible score on the 
immediate recall part of the ROCFT is 36 points; the median score of the 
good outcome group was 20.5 points (range, 0–34) and that of the poor 
outcome group was 17 points (range, 1–34). No statistically significant 
difference was found between the two groups (U = 1425, P = 0.292). 

3.2. Binary logistic regression analysis 

We performed a binary logistic regression analysis with the dichot-
omized mRS score as the dependent variable. As the independent vari-
ables, we included the items that showed a significant difference in 
intergroup comparisons, i.e., H&K grade, MMSE, RCPM, TMT-A, and 
TMT-B. The results showed that the model could predict outcome 
(likelihood ratio = 52.109, p < 0.001; Nagelkerke R2 = 0.424) and that it 
correctly classified 76.47 % of patients. As shown in Table 4, H&K grade 
II was a statistically significant predictor of good outcome after six 
months (P = 0.016; odds ratio, 0.317). Although not statistically sig-
nificant, H&K grade I also predicted good outcome after six months in 
terms of the odds ratio (odds ratio, 0.447). 

4. Discussion 

The present study investigated potential predictive factors associated 
with outcome six months after mild to moderate aneurysmal SAH. It 
found that besides severity at admission, as indicated by the H&K grade, 
neuropsychological assessments explicitly performed one month after 
the event may predict patient outcome, including possible symptoms 
after discharge. The findings are discussed in detail below. 

4.1. Outcome measures 

In previous studies that used mRS scores to divide patients into 
groups with good and poor functional outcome after SAH, good outcome 
was defined as a score of 0 to 2, and poor outcome, as a score of 3 to 6 
[9,26–29]. In the present study, we used a stricter criterion for good 
outcome by defining it as an mRS score of 0 to 1, corresponding to the 
absence of significant disability; we defined poor outcome as an mRS 
score of 2 to 6, i.e., the presence of significant disability. We used this 
approach because we wanted to consider the level of functioning that 
patients require to be able to return to work. 

4.2. Patient demographic and disease characteristics 

Konczalla et al. [9] analyzed data from the International Aneurysm 
Trial and reported that the following factors are associated with poor 
outcome after SAH: age 55 years and older at onset; Fisher grade 3; 
hydrocephalus in the early stage of the illness and severe vasospasm; 
longer stay in the intensive care unit; and aneurysm located in the PCA. 
The factors associated with good outcome were as follows: age younger 
than 54 years at onset; mild World Federation of Neurological Surgeons 
grade; aneurysm located in the IC; and mild vasospasm as the only 
complication. Juvela et al. [30] reported that age, body mass index, 
history of hypertension, amount of bleeding in the subarachnoid space 
and the ventricles, hyperglycemia after the operation, and shunt oper-
ation for hydrocephalus were associated with outcome after SAH. 
Among these factors, the authors identified the amount of bleeding and 

Table 3 
Results of intergroup comparison of neuropsychological assessments.      

Good outcome Poor outcome Statistics P value Effect size 

(mRS Score 0–1) (mRS Score 2–5) 

Crystalized intelligence MMSE Median (range) 29 (18–30) 27 (11–30) U = 1251 0.045* r = 0.172  
RCPM Median (range) 32 (12–36) 30 (15–35) U = 1224 0.036* r = 0.180  
KHT  Median (range) 22 (1–53) 20 (3–48) U = 1468 0.408  

Fluid intelligence TMT Part A Median (range) 110 (60–689) 127 (72–356) U = 1238 0.043* r = 0.173   
Part B Median (range) 162 (63–1393) 202 (94–714) U = 1247 0.048* r = 0.169  

ROCFT Median (range) 20.5 (0–34) 17 (1–34) U = 1425 0.292  

KHT, Kana-hiroi Test; MMSE, Mini Mental State Examination; mRS, modified Rankin Scale; RCPM, Raven’s Colored Progressive Matrices; ROCFT, Rey-Osterrieth 
Complex Figure Test; TMT, Trail Making Test. 
*P < 0.05. 

Table 4 
Results of binary logistic regression analysis of modified Rankin Scale.  

Independent Factors Odds ratio (95 % CI) P value 

H&K I 0.447 (0.122–1.645)  0.226 
H&K II 0.317 (0.124–0.808)  0.016* 
MMSE 0.979 (0.890–1.076)  0.653 
RCPM 0.989 (0.909–1.076)  0.795 
TMT-A 1.001 (0.993–1.010)  0.817 
TMT-B 1.001 (0.998–1.005)  0.521 

Likelihood ratio = 52.109; Nagelkerke R2 = 0.424. 
H&K I and II, Hunt and Kosnik grade I and II; MMSE, Mini Mental State Ex-
amination; RCPM, Raven’s Colored Progressive Matrices; TMT-A and -B, Trail 
Making Test parts A and B. 
*P < 0.05. 

Y. Sato et al.                                                                                                                                                                                                                                     



Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 31 (2023) 101707

5

hyperglycemia as independent factors that exacerbate outcome, and 
they found that obesity and hypertension increase the risk of stroke after 
the operation. In addition, other studies suggested that severity and 
amount of bleeding at admission affect outcome after SAH [6,8–10]. Our 
data are partly compatible with these results in that we found a signif-
icant association between H&K grade and outcome, i.e., the proportion 
of patients with H&K grade II was higher in the good outcome group 
than in the poor outcome group and the proportion of patients with 
grade III was lower. In addition, the results of binary logistic regression 
analysis suggested that H&K grade I and II could be predictive factors 
associated with good outcome. 

On the other hand, we found no significant intergroup differences 
among the other patient demographic and disease characteristics, which 
is in contrast to some results of previous studies. 

Regarding age at onset, besides Konczalla et al. [9], some other re-
searchers also reported that older patients have a worse outcome after 
SAH than younger patients [2,4,31]. However, another study reported 
that even older patients can be expected to have a good outcome if the 
disease grade is mild and that some patients progress well even if they 
have severe symptoms [32]. These findings suggest that the effects of 
age at onset on outcomes after SAH are still unclear. 

We also found no significant association between aneurysm location 
and patient outcomes. One explanation for this result may be that our 
study focused on patients after mild to moderate SAH, i.e., patients with 
H&K grade I, II, or III. In our previous study on cognitive outcome one 
month after mild to moderate aneurysmal SAH in patients from the same 
database, we used neuropsychological assessments as an indicator of 
outcome; the scores of tests on executive function and attention were 
worse in the group with SAH located in the BA, but we found no other 
effects of aneurysm location [12]. 

The milder grades in our patients may also explain why few of them 
underwent a shunt operation. 

4.3. Neuropsychological assessments 

We found that the scores on the MMSE, RCPM, and TMT parts A and 
B were significantly better in the good outcome group than in the poor 
outcome group. Previously, we reported that in patients one month after 
mild to moderate aneurysmal SAH, crystalized intelligence improves to 
almost normal levels in all patients, but fluid intelligence (e.g., executive 
function and attention) does not improve as much, suggesting that as-
sessments of fluid intelligence are important indicators of short-term 
outcome [12]. The results of the present study show that assessments 
of not only fluid intelligence, but also crystalized intelligence are 
important for longer term prognosis. 

5. Limitations 

Some limitations of the study should be noted. First, we evaluated 
only patients with mild to moderate SAH (H&K grade I, II, or III). One of 
the reasons for this approach was that our 8-year database did not 
include enough patients in each grade to allow for statistical analysis. 
Second, even after applying inclusion criteria, the outcome distribution 
based on mRS scores was still skewed. 

Despite these limitations, we believe that our findings are of interest 
in that they provide further evidence for potential predictive factors 
associated with outcomes six months after SAH in patients with mild to 
moderate symptoms. Furthermore, we defined good outcome by using a 
stricter criterion than previous studies. Our results indicate that in pa-
tients with mild to moderate SAH, not only severity at admission (i.e., 
H&K grade), but also neuropsychological assessments explicitly per-
formed one month after the event may help nursing staff to predict 
prognostic outcome, including possible symptoms after discharge. 
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